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Abstract

The Sounding of the Atmosphere using Broadband Emission Radiometry (SABER)

experiment is one of four instruments on NASA’s Thermosphere-Ionosphere-Energetics

and Dynamics (TIMED) satellite. SABER measures broadband infrared limb emis-

sion and derives vertical profiles of kinetic temperature (Tk) from the lower strato-

sphere to approximately 120 km, and vertical profiles of carbon dioxide (CO2) vol-

ume mixing ratio (vmr) from approximately 70 km to 120 km. In this paper we

report on SABER Tk/CO2 data in the mesosphere and lower thermosphere (MLT)

region from the version 1.06 dataset. The continuous SABER measurements provide

an excellent dataset to understand the evolution and mechanisms responsible for

the global two-level structure of the mesopause altitude. SABER MLT Tk compar-

isons with ground-based sodium lidar and rocket falling sphere Tk measurements
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are generally in good agreement. However, SABER CO2 data differs significantly

from TIME-GCM model simulations. Indirect CO2 validation through SABER-lidar

MLT Tk comparisons and SABER-radiation transfer comparisons of nighttime 4.3

µm limb emission suggest the SABER-derived CO2 data is a better representation

of the true atmospheric MLT CO2 abundance compared to model simulations of

CO2 vmr.

Key words: SABER, temperature, carbon dioxide (CO2), infrared remote sensing,

non-LTE

1 Introduction

The Sounding of the Atmosphere using Broadband Emission Radiometry

(SABER) experiment was launched onboard the NASA Thermosphere-Ionosphere-

Energetics and Dynamics (TIMED) satellite in December 2001 (Russell et al.,

1999). SABER is designed to provide measurements of the key radiative and

chemical sources and sinks of energy in the mesosphere and lower thermo-

sphere (MLT), in order to achieve major advances in understanding the struc-
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ture, energetics, chemistry, and dynamics of the MLT region from approxi-

mately 60 to 180 km. SABER measures Earth limb emission in 10 broadband

radiometer channels ranging from 1.27 µm to 17 µm. Measurements are made

both day and night over the latitude range from 54◦ S to 87◦N, with alternat-

ing hemisphere coverage every 60 days. The continuous sounding of SABER

provides ∼ 2200 vertical scans of limb radiance per channel per day, which are

used to retrieve vertical profiles, with approximately 2 km altitude resolution,

of kinetic temperature (Tk), O3, H2O, and CO2 volume mixing ratio (vmr),

and volume emission rates from O2(
1∆), OH(v=3-5), OH(v=7-9), and NO(v).

The challenge of deriving the SABER data products is that the MLT infrared

emissions are in non-local thermodynamic equilibrium (non-LTE), requiring

complex non-LTE radiation transfer algorithms and novel retrieval approaches

to derive the key data products. In this paper we report on SABER Tk and

CO2 data, which are retrieved from CO2 infrared rotation-vibration bands.

The results presented in this paper provide a representative assessment of the

SABER Tk/CO2 data products from the version 1.06 dataset and provide a

benchmark dataset to compare results of future updates.

2 MLT Kinetic Temperature

During daytime conditions, Tk and CO2 are retrieved simultaneously from

SABER’s CO2 15 µm and CO2 4.3 µm radiometer channel measurements,

respectively (Mertens et al., 2002). During nighttime, Tk is retrieved from

the SABER 15 µm channel measurements and the CO2 concentration is de-

termined from a TIME-GCM climatological database (Mertens et al., 2001;

Roble, 1995). In the following two subsections, we summarize SABER MLT
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results from the version 1.06 dataset.

2.1 Global Characteristics

Figures 1 and 2 are SABER zonal mean averages of MLT Tk for July 2002 and

January 2003, respectively. The dashed line in the figures indicate the location

of the mesopause height. The two-level structure of the mesopause altitude is

evident. For the northern hemisphere summer season shown in Figure 1, the

high-altitude mesopause of the southern hemisphere winter season extends into

the northern hemisphere before it dramatically transitions to the low-altitude

mesopause altitude characteristic of summer conditions. For July 2002, the

winter-to-summer transition in mesopause height occurs at 33◦N. The average

winter (or high) mesopause height is 98 ± 1 km. The average summer (or low)

mesopause height is 83 ± 1 km. Note also the extremely low temperatures in

the polar summer region were Tk reaches 130 K by 70◦N and 128 K at 80◦N.

Figure 2 shows the zonal mean average temperature field for the opposite

season of Figure 1. In Figure 2, the high-altitude mesopause of the northern

hemisphere winter season extends into the southern hemisphere summer sea-

son before it dramatically transitions to the low-altitude summer mesopause

height. The winter-to-summer mesopause altitude transition occurs at 41◦ S

for January 2003.

The two-level structure of the mesopause altitude is an intriguing feature of the

MLT region. Ground-based measurements have observed and characterized

the two-level structure of the mesopause at select geographic locations for

many years (von Zahn et al., 1996; She and von Zahn, 1998; and references
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therein). However, SABER measurements are providing the first continuous

global measurements of the MLT thermal structure, an invaluable dataset

for understanding the evolution and mechanisms responsible for this striking

feature of the MLT region (e.g., Berger and von Zahn, 1999).

2.2 Temperature Comparisons

In this section we present comparisons of SABER MLT Tk with ground-based

and in-situ measurements during polar summer conditions. The ability to de-

rive accurate mesospheric Tk from infrared limb emission measurements for

polar summer conditions is one of the most stringent tests of the non-LTE

Tk/CO2 retrieval algorithm. Figure 3 shows SABER Tk comparisons with

rocket falling sphere (FS) measurements and the Lübken climatological pro-

file for early July (Lübken, 1999). The SABER-FS comparisons were made

during the NASA 2002 summer Mountain and Convective Wave Ascending

Vertically (MaCWAVE) campaign. The FS measurements were taken at the

Andøya rocket range at 69◦N, 16◦ E (Schmidlin et al., 1991). For times of clos-

est coincidence, the SABER-FS Tk differences are within 6 K below 85 km on

2 July and within 6 K below 80 km on 4 July. The SABER results from the

non-LTE retrieval algorithm improve retrieved Tk in the mesopause region by

35-45 K as compared to results from the LTE retrievals (i.e., the gray solid

lines in Figure 3. Note: The SABER LTE Tk profiles appeared publicly only

in an early version of the dataset). The SABER-FS single profile comparisons

are generally within ∼ 5-10 K below 85 km.

Figure 4 shows SABER Tk comparisons with sodium lidar measurements made

during the 2002 summer MaCWAVE campaign. The magnitude of SABER-
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lidar Tk differences above 90 km are comparable to the SABER-FS Tk dif-

ferences below 85 km. For the closest time coincidences, the SABER-lidar Tk

differences are within 5-10 K between 90-97 km.

Figure 5 shows a comparison of the mean profiles derived from Figures 3 and

4. The horizontal lines are the statistical fluctuations about the mean profile,

indicative of natural variability in Tk. The SABER-lidar mean Tk profiles

agree within natural variability between 90-95 km on 2 and 4 July, which

is ∼ 5-10 K. The Tk error in the lidar measurement becomes quite large

below 90 km and above 95-97 km, due to the thin sodium layer during polar

summer conditions. The SABER-FS mean Tk profiles nearly agree within

natural variability below 85 km on 2 July, which is on the order of ∼ 5-8

K. However, SABER-FS mean Tk profile differs by more than the estimated

natural variability between about 75-85 km on 4 July.

SABER MLT Tk comparisons between ground-based and in-situ measure-

ments during polar summer are generally good below 85 km and between

90-95 km, i.e., within natural variability of the MLT polar summer thermal

structure, demonstrating a significant advance in satellite remote sensing of

MLT infrared limb emission and the ability to retrieve Tk under extreme non-

LTE conditions. The SABER monthly zonal mean mesopause temperature at

69◦N for July 2002 is 132 K, which is in excellent agreement with the 129 K

mesopause temperature given by the Lübken climatological profile for early

July. However, the most noticeable and significant difference between SABER

Tk and the FS measurements and the Lübken climatological profile shown

in Figures 3-5 are the Tk differences between 85-90 km, due to a ∼ 4-5 km

difference in mesopause altitude. Mertens et al. (2004) conducted a number

of sensitivity studies with respect to key non-LTE and atmospheric input pa-
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rameters in order to determine a possible cause for a low mesopause altitude

in the non-LTE Tk/CO2 retrieval algorithm. The non-LTE and atmospheric

input parameters included in the study by Mertens et al. were the collisional

quenching rate of CO2 (ν2) by atomic oxygen, the atomic oxygen concentra-

tion, and the CO2 vmr. The source of CO2 vmr during the day is from the

simultaneous Tk/CO2 retrieval (Mertens et al., 2002). At night, CO2 vmr

is obtained from a TIME-GCM climatological database (Roble, 1995). The

NRLMISIS-00 model is the source of atomic oxygen concentration (Picone et

al., 2002). The Sharma and Wintersteiner (1990) rate is used for the nominal

CO2 (ν2)-O collisional quenching parameter. The conclusion of that study was

that the above non-LTE and atmospheric input parameters affect the mag-

nitude of the retrieved Tk, but the change in the location of the mesopause

altitude is insignificant.

One way to increase the SABER mesopause altitude is to increase pressure at a

lower altitude. For example, absolute pressure-altitude is registered at around

35 km in the LTE Tk retrieval (i.e., po = p(z=35 km)) (Remsberg et al., 2004).

The pressure profile is built above and below the pressure-altitude registration

level (i.e. po) using the barometric law. An offset in altitude is approximately

related to an error in the pressure-altitude registration by δ po/po = δ z/H.

For a 7 km scale height (H = 7 km), an altitude offset of 4 km (δ z = 4

km) requires an error in pressure-altitude registration of 57%. This simple

relation gives results comparable to a more detailed analysis. Solutions of the

hypsometric equation using the SABER Tk profiles from Figures 3 and 4,

and perturbing the pressures at 35 km by 60%, increases the location of the

mesopause altitude by ∼ 3.5 km. Remsberg et al. (2003) compared SABER

version 1.01 stratospheric temperature and geopotential height with Met Office
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assimilated analysis. They found that the differences are within 2 K for Tk

and 160 m for geopotential height. An altitude offset of 160 m corresponds to

a ∼ 2.3% error in pressure for a 7 km scale height, which is nearly a factor

of 30 less than the pressure-altitude registration error needed to account for

a 4 km offset in the SABER mesopause altitude. Thus, uncertainty in the

SABER pressure-altitude registration can not account for a 4-5 km offset in

the mesopause altitude.

Recent work by Kutepov et al. (2006) partially explains the polar summer Tk

mesopause altitude offset of SABER compared to FS measurements and the

Lübken climatological profile. By including CO2 (ν2) V-V transfer between

isotopes, Kutepov et al. showed that the SABER mesopause altitude can be

increased by 2-4 km. Moreover, this mechanism will warm SABER Tk by as

much as 10-20 K between 75 km and 90 km, bringing the SABER MLT Tk

into closer agreement with the FS and Lübken climatological profiles discussed

previously. The isotopic CO2 ν2 V-V exchange processes will be included in

the next version (version 1.07) of the SABER dataset.

Many years of lidar measurements at mid-latitudes have been analyzed to de-

duce the MLT thermal structure (She et al., 1993, 1995). The summer (or low)

mesopause altitude derived from the lidar analysis is 86 ± 3 km. The SABER

summer mesopause altitude (83 ± 1 km) agrees with the lidar analysis within

statistical fluctuations (natural variability) and the 2 km vertical resolution

of the SABER measurement.

In summary, SABER MLT Tk in the polar summer region generally agree with

FS and sodium lidar measurements within natural variability. It’s anticipated

that the incorporation of the isotopic CO2 (ν2) V-V exchange processes into
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the SABER non-LTE Tk retrieval will reduce the mean systematic differences,

such as the mesopause altitude and lower mesospheric Tk, between SABER

and the FS measurements and the Lübken climatological profile.

3 MLT CO2 Concentration

SABER CO2 vmr is retrieved simultaneously with Tk during the daytime. In

the next two subsections we show representative monthly zonal mean SABER-

CO2 data from the version 1.06 dataset and results from our initial validation

study.

3.1 Global Characteristics

Monthly zonal mean daytime CO2 vmr data are shown in Figure 6 for north-

ern hemisphere winter (January 2003), equinox (September 2003), and sum-

mer seasons (July 2002). Comparisons of SABER CO2 vmr with TIME-GCM

model data (Roble, 1995) show that CO2 vmr observed by SABER is systemat-

ically lower than the model simulations at altitudes above roughly 70-75 km.

This result is consistent with previous CO2 measurements determined from

atmospheric infrared remote sensing observations (Kaufmann et al., 2002;

Zaragoza et al., 2000; López-Puertas et al., 2000; and references therein).

However, the morphology of the SABER daytime monthly mean CO2 vmr

is generally similar to the TIME-GCM results. The most glaring differences,

on the other hand, occur at high-latitude summer seasons (i.e., high-latitude

southern hemisphere, January 2003; high-latitude northern hemisphere, July

2002). Specifically, there is a meridional gradient in the SABER CO2 vmr
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data near the polar regions not seen in the model data, which increases with

season from winter to summer. In fact, there is a step-function feature in the

SABER high-latitude summer regions coincident with the latitude region of

the auroral oval. This step function feature is seen in the high-latitude south-

ern hemisphere for January 2003 and in the high-latitude northern hemisphere

for July 2002.

Simulations and sensitivity studies suggest that NO+(v) emission at 4.3 µm

not accounted for in the non-LTE Tk/CO2 retrieval algorithm is a plausible

explanation for the meridional gradient in the SABER high-latitude summer

season CO2 vmr data. Solar EUV photons ionize the neutral atmospheric

constituents, which eventually end up as NO+ in the ionospheric E-region,

due to ion-neutral chemistry. Some of the ion-neutral reactions are exother-

mic enough to produce vibrationally excited NO+, which emits at 4.3 µm

(Mertens et al., 2007). Not including this emission source in the non-LTE

Tk/CO2 retrieval algorithm underestimates the radiation transfer simulations

of the SABER 4.3 µm channel radiance measurements, which results in an

overestimation of retrieved CO2 vmr. Taking the northern hemisphere in Fig-

ure 6 as an example, the polar region is exposed to increasing periods and

intensity of solar EUV flux as the seasons progress from winter to summer.

Subsequently, the concentration of NO+ increases from winter to summer, in

response to the continual build up of the steady-state electron concentration

(charge neutrality combined with NO+ as the terminal E-region ion). The

overestimated CO2 concentration near high-latitude summer solstice (i.e., the

southern hemisphere January 2003 SABER data and the northern hemisphere

July 2002 SABER data) is coincident with the auroral oval latitude band due

to the geometric effects of the geomagnetic field on the electron concentration.
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Figures 7-9 summarize the results of the sensitivity study described above. Fig-

ure 7 shows zonal and daytime averaged NO+ concentrations computed by the

field-line interhemispheric plasma model (FLIP) for winter (January 24, 2003),

summer (July 4, 2003), and equinox (September 22, 2003) seasons (Richards,

2002). The FLIP simulations clearly show an increase in high-latitude NO+ as

the seasons progress from winter to summer. There still remain large uncer-

tainties in the E-region ion-neutral chemistry and NO+(v) kinetics (Mertens

et al., 2007). Despite these uncertainties, we computed the contribution of

NO+(v) to high-latitude summer SABER 4.3 µm limb radiance measurements,

using the ion and neutral concentrations computed by the FLIP model and

the methodology describe by Mertens et al. (2007).

Figure 8 shows broadband limb radiance simulations of the SABER 4.3 µm

channel measurements for high-latitude daytime scans (i.e., solar zenith angles

less than 85 degrees) on July 4, 2002. Figure 8 shows two sets of simulations:

(1) CO2 as the only emitter of 4.3 µm radiance, and (2) both CO2 and NO+ as

emitters of 4.3 µm radiance. The simulations indicate that NO+ contributes

roughly 8% to the total SABER 4.3 µm emission at 135 km, 2% at 120 km,

and less than 1% below 115 km. Enhancements of NO+ due to geomagnetic

activity will further increase the contribution of NO+(v) to the total 4.3 µm

limb emission. NO+(v) emission contributes to a systematic bias in the SABER

4.3 µm channel forward model used in the non-LTE Tk/CO2 retrieval, as

previously described. The error in modeling the SABER 4.3 µm channel by

not including NO+(v) 4.3 µm emission, as represented in Fig. 9, can bias the

retrieved CO2 vmr throughout the entire MLT region because the broadband

4.3 µm emission is strongly nonlinear in this region.

Figure 9 shows the SABER 4.3 µm limb radiance contribution functions for
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a polar summer atmosphere with a solar zenith angle of 80 degrees. The tan-

gent layer at 80 km contributes less 25% to the total limb radiance with

non-negligible contributions coming from altitudes near 110 km, with smaller

contributions from altitudes above 110 km. Tangent layers below 80 km con-

tribute even less to the total limb radiance with non-negligible contributions

also coming from altitudes near 110 km. The tangent layer at 100 km con-

tributes about 25% to the total limb radiance with significant contributions

coming from 120 km and non-negligible contributions coming from altitudes

above 120 km.

The uncertainties in E-region ion-neutral chemistry and NO+(v) energetics

prohibit an absolute estimate of the error in the SABER 4.3 µm channel

forward model used in the non-LTE Tk/CO2 retrieval, and the subsequent

error in retrieved daytime CO2 vmr. However, the results of the sensitivity

studies presented Figures 7-9 combined with the positive-biased, step-function

feature in the high-latitude summer SABER CO2 vmr data located at the

auroral oval region present a convincing argument that omission of NO+(v)

4.3 µm radiance in the SABER 4.3 µm forward model is a plausible explanation

for the high-latitude summer season features in the SABER CO2 vmr data.

Besides the anomalously large lower thermospheric CO2 vmr in the high-

latitude summer seasons described in detail above, the SABER CO2 data

appear to be quite reasonable. We evaluated the quality of the SABER CO2

data in two ways: (1) by examining the effect of a SABER-CO2 mean profile

versus a TIME-GCM model profile on nighttime MLT Tk retrievals, and (2)

by examining the effect of a SABER CO2 vmr climatology versus the TIME-

GCM CO2 vmr climatology on comparisons of simulated nighttime 4.3 µm

limb radiances with the corresponding SABER measurements. This valida-
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tion study is described in the next subsection.

3.2 Validation Study

Figure 10 shows the SABER zonal mean CO2 profile at 41◦N for July 2002

(note: 41◦N is outside the “anomalous” region in Figure 6). We choose to

analyze the SABER-CO2 mean profile at 41◦N because there were six days

of continuous sodium lidar MLT Tk measurements at Fort Collins, Colorado

(41◦N, 255◦ E) (e.g., She et al., 2000). The lidar measurements will be used

to assess the quality of the SABER-CO2 data, as described below.

Figure 10 is a comparison of the SABER-CO2 daytime mean profile, the

TIME-GCM profile, and a rocket mass spectrometer measurement taken at

mid-latitudes in the 1970s (see Wintersteiner et al., 1992). The horizontal

line through the diamonds are the statistical fluctuations about the SABER

monthly mean profile. The horizontal lines through the squares are ± the

largest differences found between the SABER monthly mean profile and any

single SABER observation during the month of July within 40-42◦N. Fig-

ure 10 shows that the SABER-CO2 mean profile deviates from the TIME-

GCM model profile above 70 km. The SABER-model CO2 deviations are sig-

nificant above 90 km, i.e., greater than the largest difference between a single

observed SABER-CO2 profile and the corresponding monthly mean profile.

Interestingly, the SABER-CO2 mean profile is consistent with the rocket mea-

surement made several decades ago (note: the rocket CO2 profile has been

scaled to reflect the current uniformly mixed value of ∼ 365 ppmv).

Figure 11 shows the SABER-lidar MLT Tk comparisons for the six days of
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sodium lidar measurements at Fort Collins, Colorado in July, 2002. We show

all nighttime SABER Tk profiles in the latitude and longitude bands 35-45◦N

and 245-265◦ E, respectively. The SABER Tk profiles represent nearly instan-

taneous measurements at their respective geographical locations. The lidar

Tk profiles are hourly averages, centered on the half-hour. We show lidar Tk

profiles from the east-viewing beam (Lidar-E) and from the north viewing

beam (Lidar-N) at three consecutive hourly intervals that bound the average

SABER crossing time. We then average the SABER and lidar Tk profiles for

each of the six days (mean profiles for 24 July shown in Figure 12). The mean

Tk profiles are used to assess the quality of the SABER-CO2 data, as de-

scribed below. Unambiguous assessment of the SABER-CO2 data is obtained

from SABER-lidar Tk profiles that have the same vertical shape in the upper

mesosphere and lower thermosphere, where differences in the rate of departure

of CO2 vmr from the uniformly mixed-value have a large effect on SABER-

retrieved Tk. As a result, we use the SABER-lidar MLT Tk comparisons on

24 July to assess the quality of the SABER-CO2 data.

The quality of the SABER-CO2 mean profile in Figure 10 is assessed by

comparing SABER nighttime Tk with sodium lidar measurements using the

SABER-CO2 mean profile versus the TIME-GCM model profile in the non-

LTE Tk retrieval. Figure 12 shows a comparison of SABER-lidar mean night-

time Tk for July 24, 2002. Using the SABER-CO2 mean profile in the night-

time non-LTE Tk retrieval rather than using the TIME-GCM model CO2

profile reduced the differences between the SABER-lidar mean Tk by 5-7 K

between 90 and 100 km. The improved SABER-lidar Tk comparisons in Fig-

ure 12 suggests that SABER-derived CO2 data is a better representation of

the true atmospheric MLT CO2 abundance.
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An alternative method of assessing the quality of the SABER CO2 data is to

compare simulated nighttime 4.3 µm limb radiances with the corresponding

SABER measurements. Since the SABER nighttime 4.3 µm emission mea-

surements are not used to derive any data products, the nighttime 4.3 µm

measurements provide an independent observable to test the quality of the

SABER-derived CO2 vmr data. Monthly zonal mean SABER CO2 vmr pro-

files were derived from the daytime retrievals. The nighttime SABER 4.3 µm

channel radiance measurements were simulated using the non-LTE radiation

transfer algorithm described by Mertens et al. (2007) and compared to the

corresponding SABER measurements.

The simulated SABER nighttime 4.3 µm limb radiances were computed in

two ways: (1) using the TIME-GCM climatological CO2 vmr data, and (2)

using the SABER-derived daytime monthly zonal mean CO2 vmr data. We

assume that the diurnal variation in CO2 vmr is not significant below about

130 km. The results are shown in Figure 13 for July 2003. The profiles shown

in Figure 13 are mean profiles averaged over all SABER measurement scans

within each latitude band. The mean profiles in each latitude band were com-

puted from hundreds of individual profiles. The black lines correspond to the

SABER 4.3 µm limb radiance measurements. The blue lines correspond to

simulated SABER 4.3 µm limb radiance using the TIME-GCM climatological

CO2 vmr data. The red lines correspond to simulated SABER 4.3 µm limb

radiance using the SABER-derived monthly zonal (daytime) mean CO2 vmr

data. This figure indicates that the SABER-derived CO2 vmr data signifi-

cantly improve the simulated 4.3 µm limb radiances above about 90 km. We

have done similar comparisons at all latitudes and for months representative

of winter and summer seasons. The result of these comparisons is consistent
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with the results presented in Figure 13. Thus, SABER-derived CO2 vmr is

a better representation of the true atmospheric CO2 abundance compared to

model simulations of CO2 vmr.

4 Summary

We presented representative results of SABER Tk/CO2 data from the version

1.06 dataset. The monthly zonal mean MLT Tk data clearly show the two-level

structure of the mesopause altitude: the winter (high) mesopause altitude is 98

± 1 km and the summer (low) mesopause altitude is 83 ± 1 km. Comparisons

of polar summer MLT Tk during the 2002 summer MaCWAVE campaign

between SABER and FS and lidar measurements are within 5-10 K below

85 km and between 90-95 km, respectively. The SABER summer mesopause

altitude is lower than the FS measurements and Lübken climatology by 4-5 km,

but consistent with mid-latitude lidar measurements of the summer mesopause

altitude. The next version of the SABER dataset will incorporate isotopic CO2

(ν2) V-V exchange processes that may increase the SABER mesopause altitude

and the lower mesospheric Tk.

The SABER CO2 monthly zonal mean data are systematically lower than

TIME-GCM model results above 70 km, consistent with previous analysis

from infrared limb emission measurements. SABER-lidar MLT Tk differences

are reduced by 5-7 K in the upper mesosphere and lower thermosphere using

the SABER-derived CO2 mean profile in the nighttime non-LTE Tk retrieval

compared to using the TIME-GCM CO2 mean profile in the non-LTE Tk re-

trieval. Moreover, differences in simulated nighttime SABER 4.3 µm channel

radiances compared to the corresponding SABER measurements are signifi-
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cantly reduced above 90 km by using SABER-derived mean CO2 vmr data

rather than TIME-GCM mean CO2 vmr data. These two studies indicate a sig-

nificant improvement in MLT CO2 abundance made by SABER observations

and analysis. However, SABER CO2 appears to be overestimated at high-

latitude summer seasons, possibly due to 4.3 µm emission from NO+(v) not

accounted for in the non-LTE Tk/CO2 retrieval algorithm. The high-latitude,

high-bias in SABER CO2 is noticeable at equinox and becomes much larger

by summer solstice. Further investigations of this phenomena are currently

underway.

Tk is an important input parameter for most of the other retrieval and pho-

tochemical algorithms used to generate the SABER routine and analysis data

products. Accurate knowledge of both Tk and CO2 are necessary to quantify

the MLT radiative energy balance. As a result, high-quality Tk/CO2 data are

required to achieve the TIMED-SABER goal of advancing our understanding

of the structure, energetics, and dynamics of the MLT region. The quality of

the Tk/CO2 data presented in this paper demonstrate the potential of the

TIMED-SABER mission for making major advances in our understanding of

the MLT region. Furthermore, the data presented in this paper provide a

benchmark dataset for comparing the results of future updates to the SABER

retrieval algorithms and data products.
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Fig. 1. Monthly zonal mean SABER temperatures for July 2002. The dotted line

denotes the mesopause altitude.
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Fig. 2. Monthly zonal mean SABER temperatures for January 2003. The dotted

line denotes the mesopause altitude.
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Fig. 3. SABER temperature comparisons with rocket falling sphere temperature

measurements and the Lübken climatological profile during the summer 2002

MaCWAVE campaign.
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Fig. 4. SABER temperature comparisons with sodium lidar temperature measure-

ments and the Lübken climatological profile during the summer 2002 MaCWAVE

campaign.
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Fig. 5. Mean profiles of temperature measurements from SABER, rocket falling

sphere, and sodium lidar observations during the summer 2002 MaCWAVE cam-

paign. The horizontal lines are the statistical deviations with respect to the mean

profiles. The Lübken climatological profile is also shown.
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Fig. 6. Monthly zonal mean (daytime) CO2 vmr data for northern hemisphere win-

ter, equinox, and summer seasons. The top row is daytime SABER CO2 vmr data

and the bottom row is climatological daytime data computed from the TIME-GCM

model.
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Fig. 7. Zonal and daytime averaged NO+ concentrations computed by the FLIP

model. Single-point geographic location flux tube simulations were run on a pre-de-

fined global grid in order to obtain the zonal mean profiles. Hourly NO+ output

from FLIP were averaged over the daytime hours to compute the daytime mean.
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Fig. 8. Non-LTE radiation transfer simulations of the SABER 4.3 µm channel mea-

surements for high-latitude scans on July 4, 2002. The solid lines are limb radiance

simulations with CO2 as the only emitter of 4.3 µm emission. The dashed lines are

limb radiance simulations that include both CO2 and NO+ as emitters of 4.3 µm

emission. The different colored lines denote different SABER meaurement scans.

The right panel shows the percent contribution of NO+(v) 4.3 um emission to the

total 4.3 µm limb radiance (CO2 + NO+).
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Fig. 9. Simulated SABER non-LTE 4.3 µm limb radiance contribution functions in

the polar summer MLT region, with a solar zenith angle of 80 degrees. The contribu-

tion functions are normalized to the total 4.3 µm limb radiance. Each line represents

the atmospheric layer contributions to the total limb radiance from different tangent

heights. The contribution functions are shown for tangent heights from 60 km to

145 km in 5 km increments.
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Fig. 10. Comparison of SABER CO2 vmr profile with profiles computed by the

TIME-GCM model and determined from a rocket-borne mass spectrometer mea-

surement. The black line corresponds to a monthly zonal mean daytime SABER

CO2 vmr for July 2002, averaged between 40◦N and 42◦N. The horizontal lines

through the diamonds are the statistical fluctuations about the mean profile. The

horizontal lines through the squares are the maximum differences found between

any single-event retrieved CO2 vmr profile – in July 2002 between 40-42◦N – and

the computed monthly mean profile. The blue and red lines correspond to the

TIME-GCM simulation and the rocket measurement CO2 vmr, respectively.
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Fig. 11. Nighttime SABER and sodium lidar measurements of MLT Tk for six days

in July, 2002. The lidar measurements were taken at Fort Collins, CO, located at

41◦N, 255 ◦ E. The blue lines are lidar measurements from the east-viewing beam.

The red lines are lidar measurements from the north-viewing beam. The lidar Tk

profiles represent hourly averages, centered on the half-hour. The green lines are

SABER Tk profiles between 35-45◦N and 245-265◦ E.
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Fig. 12. Comparison of the mean SABER nighttime Tk profile for July 24, 2002 with

the mean lidar Tk profile. The SABER and lidar mean profiles were computed from

the single measurement profiles shown in Figure 11. The solid green line corresponds

to nominal SABER nighttime Tk retrieved using the TIME-GCM CO2 vmr profile

(i.e., the blue line in Figure 10). The dashed green line corresponds to SABER

nighttime Tk retrieved using a SABER-derived mean CO2 vmr profile (i.e., the

black line in Figure 10).
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Comparisons of monthly-mean SABER 4.3um Limb Radiance Measurements with Simulations
July 2003
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Fig. 13. Comparison of monthly mean SABER nighttime 4.3 µm limb radiance mea-

surements with simulated SABER 4.3 µm limb radiances for July 2003. The black

lines correspond to the SABER 4.3 µm limb radiance measurements. The blue lines

correspond to simulated SABER nighttime 4.3 µm limb radiance using TIME-GCM

CO2 vmr data. The red lines correspond to simulated SABER nighttime 4.3 µm

limb radiance using SABER-derived monthly (daytime) mean CO2 vmr data. Each

latitude band respresents an average of hundreds of SABER measurement scans.
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